Beef and sheep products represent the largest emitters of greenhouse gases within the meat group. One way of encouraging Scottish households to substitute into purchasing lower carbon footprint meat products such as chicken is through a carbon consumption tax. In this paper, the effects of such a tax were studied using a dynamic per capita error correction version of the almost ideal demand system (AIDS). The data used in the analysis were from a Scottish household panel dataset for the years 2006-2011, which allowed disaggregation by three socioeconomic groups. The results suggest that the net application of meat taxes is likely to reduce demand for beef and sheep products irrespective of socioeconomic group. Application of all meat carbon consumption taxes has the potential to reduce household demand for meat products, resulting in a likely 10.5% reduction in Scottish meat emissions.
Introduction
Meat products are the largest emitters of greenhouse gases (GHG) within the food chain and are responsible for 34.5% (cradle to distribution centre) of Scottish food chain emissions (CO 2 e) (Audsley et al., 2009) . However the carbon footprint of the different meat groups does differ with chicken and turkey having lower carbon footprints relative to beef and sheep which have the highest meat carbon footprints.
The supply side of the food chain has been studied with emphasis on how GHGs can be reduced through farming techniques such as carbon sequestration, yet there appears to be little work considering the demand side i.e. looking at demand for low carbon foods (Garnett, 2011) .
If households can substitute chicken in place of beef or sheep then this could result in a decrease in household carbon footprints. The resulting likely substitution effect or overall reduced demand for meat products could be achieved through increasing retail prices using a carbon consumption tax. A carbon consumption tax has the potential to help meet the targets of the Climate Change Act (Scotland) 2009 (Scottish Government, 2009 ).
The purpose of this paper is to examine how a carbon consumption tax could change demand for meat products with respect to different social household groups. The resulting change in both Scottish household carbon footprint and subsequent emissions within the Scottish meat chain will also be examined. The structure of this paper is as follows: The literature review defines why meat is a high carbon footprint food and explains the basis of the carbon consumption tax. The next two sections explain the data and empirical model used in order to analyse the impact of a tax on household demand and carbon footprint. The final three sections will provide an analysis on the results in addition to the conclusions.
Literature review
Carbon footprints are expressed as a Carbon dioxide equivalent (CO 2 e) which uses a Global Warming Potential (GWP) factor to take into account the strength of other GHGs relative to CO 2 (British Standards Institution, 2011) . Meat products are categorised as having"very high" carbon content relative to "British/EU field crops" (British Standards Institution, 2011) .
However one of the reasons behind the difference of carbon footprint within the meat group is the level of feed conversion efficiency. A high level of feed conversion efficiency present in poultry equates to less input (i.e. feed) being required to produce more human edible output 3 which is in contrast to lower feed efficiency and higher methane producing ruminant animals (Garnett, 2010) .
A benefit of a carbon consumption tax is that it has lower monitoring costs relative to production level taxes (Wirsenius et al., 2011) . In addition to this a production level tax may result in domestic producers being at a competitive disadvantage relative to foreign producers who would not be required to pay such a tax (Edjabou & Smed, 2013) . This paper should mention that consumer behaviour could be influenced through other factors such as education. Analysing the effects of education with regards to low carbon food products is beyond the scope of this study and it seems that price is still an important determinant of demand.
On a British scale qualitative research suggested that most consumers (within a sample) view price as being more important relative to carbon footprint as a determinant for purchasing food products (Upham et al., 2011) . This is further supported by Scottish Government research (sourced from Kantar Worldpanel) which highlighted that for 2010 only 20.8% of Scottish consumers "try to buy environmentally friendly products" versus the UK figure of 21.4% (Scottish Government, 2012b) . Therefore if consumers are unwilling to purchase lower carbon food products then government intervention through a pricing policy would appear an attractive option.
There has been some concern raised regarding the effectiveness of government pricing policies such as tax for reducing consumption of particular goods. Tiffin et al (2014) make reference to the idea that the "full burden" of a tax may not always fall entirely on the consumer due to pricing policies of the retailer. This creates a limitation for modelling carbon consumption taxes. Sall and Gren (2012) emphasised the range of Stern's GHGs damage costs from $0 -$400 per ton which roughly translates (using Cederberg et al (2009) data) into "0 to 2.8 SEK per kilo CO 2e " (Sall & Gren, 2012) . Sall and Gren (2012) opted for Swedish data (on revealed costs of CO 2e ) due to their concern over the uncertainty of which value to use. A peer reviewed literature review finds that out of twenty eight studies the most likely marginal damage of CO 2e is $50/tC (Tol, 2005) . Tol (2005) selects this value based on taking into account discount rates of between 3-4% (Tol, 2005) .
In order to get the ultimate level of tax for each product the authors use Equation 1 (Sall & Gren, 2012) .
(1)
Where i represents emissions and j represents meat products (Sall & Gren, 2012) . In (1) emission of products (e ij ) is multiplied by marginal damage cost (MD i ) (Sall & Gren, 2012) .
The tax rate calculated from (1) is then applied to the price elasticities of the different meat products which allows for the change of meat substitute products to be monitored (Sall & Gren, 2012) . The differentiated tax applied to beef products is interesting as it would only decrease demand for beef by 11.1% (Sall & Gren, 2012) . Taxing all the meat products simultaneously using their respective differentiated tax would reduce greenhouse gas emissions (from Swedish meat production) by approximately 27% (Sall & Gren, 2012) .
The approach taken by Edjabou and Smed (2013) for calculating carbon taxes appears to differ slightly relative to Sall and Gren (2012) mainly due to: the number of products used, sources of price elasticities and marginal damage cost selection. It would appear that neither of these two papers takes into account the different socioeconomic groups when studying the potential impact of carbon consumption taxes on demand. Edjabou and Smed (2013) 's study appears to be the only peer reviewed paper which covers all the major food groups using unconditional elasticities. The paper uses price and income elasticities which are mainly sourced from a previous study written by one of the authors whereby monthly data were used for the period 1997 -2000 and is calculated using an almost ideal demand system (AIDS) (Smed et al., 2007; Edjabou & Smed, 2013) . The authors have used updated prices for the year 2007 which were sourced from GfK Consumer scan Scandinavia (Edjabou & Smed, 2013) . The carbon dioxide equivalent (i.e. carbon footprint) data used in Edjabou and Smed (2013) paper were sourced from a Danish life cycle analysis. Two scenarios were estimated using Tol (2005) 's social cost of carbon (Scenario A) and Scenario B uses Stern's social cost data. Each scenario is split into two further sub scenarios: One whereby a tax is placed on food products relevant to the agricultural damage (Scenario 1) and the other which takes account of the existing Danish value added tax (VAT) on food products and adjusts the rate according to the carbon consumption tax (Scenario 2) (Edjabou & Smed, 2013) . With regards to Scotland most food products do not have any VAT applied (HMRC, 2013) which means that uncompensated scenarios (Scenario 1) may be more applicable to the country. The uncompensated scenario tax rate was calculated through the aid of equation (2) whereby k i is the carbon footprint i.e. CO 2e which is multiplied by social cost (p k ) of CO 2e (Edjabou & Smed, 2013) .
(2)
Where i represents food group and k represents the price from the scenario (Edjabou & Smed, 2013) . The results from the study found that Scenario 1 B would have the largest effect of reducing carbon footprint by 149-277 Kg CO 2e per person (Edjabou & Smed, 2013) .
Data
This paper uses Audsley et al (2009) chain which (especially ruminant) are a major contributor of GHG (González et al., 2011) .
Therefore the most environmentally damaging stage has been captured in the LCA carbon footprint data used in this paper.
Carbon footprints from British produced meat were used as there was little difference in carbon footprint values for other European countries (Audsley et al., 2009 ). The majority of meat products consumed in the UK are also produced in the UK (83%) or imported from other EU countries (7%) (Defra, 2014) . Therefore the carbon footprints used in this paper are likely to reflect a realistic situation for the Scottish food chain 2 . Table 1 shows the difference between the carbon footprints of the different meat categories with ruminant animals having a higher carbon footprint relative to poultry.
Data regarding household purchases of organic meat products could not be found which are expected to have a different carbon footprint relative to non organic products. Organic pig and sheep meat both have lower carbon footprints relative to their respective non organic meats (Williams et al., 2006) . However, organic ruminant products such as beef tend to have a higher carbon footprint since they are produced more extensively (Garnett, 2010) . on an aggregation of the cuts, the Kantar data has been modified to match the LCA categories.
Each year of data is composed of thirteen periods which is preferable to using calendar months of data when analysing many years.
Only Households observed in the data, making purchases of meat products over a period of 40 weeks or more within a year were included in the study. This censoring of data was felt necessary in order to exclude households where meat did not feature dominantly within the weekly purchases.
A Kantar weighting factor has been used to account for the variation in population differences across Scotland. The unit prices used take into account the volume purchased and any discounts applied by the retailer. The Kantar data were also adjusted using the Scottish population 3 in order for per capita data to be formed.
The data were split into three socioeconomic categories (social groups) in order to allow for a proxy of household income. The social groups are based on information provided by the chief income earner or respondent such as employment status, tenure, qualification and working status (Meier & Moy, 2004) . The census data obtained from National Records of Scotland (2013) make it plausible that the following three groups can be formed: Medium to high income earners (A, B & C1), Lower income earners (C2 &D) and non active in the labour market along with casually employed workers (E) (Ipsos-Mori, 2009 ). The total Kantar sample population was 2,118 household and Table 2 provides a breakdown of the sample population. From Figures 1, 2 and 3 it can be seen that with regards to chicken products there has been a recent increase in the expenditure budget shares amongst the medium to high income earners and non active in the labour market (in addition to casually employed workers) groups.
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However Figure 2 implies the opposite for the lower income earners. For higher and lower income groups, beef expenditure budget shares appear to be stable over time.
There appears to be a strong seasonal pattern for turkey meat products around period 13 which corresponds to Christmas. From Figure 1 , 2 and to a lesser extent Figure 3 it is clear that seasonality is a likely problem particularly for turkey products whereby household expenditure shares increases. Twelve seasonal dummies were used for all meat categories in order to reduce the potential problem of biased results. 
Methods
As this paper is using time series data, an error correction version (dynamic) of an almost ideal demand system has been used in order to allow the calculation of the short run price and expenditure elasticities.
While the original an almost ideal demand system (AIDS) developed by Deaton and Muellbauer (1980a) has been widely used in demand analysis it seems plausible that the statistical problems which can arise through the use of time series data require a model which can account for such problems as autocorrelation. The error correction AIDS has been used by various authors: (Karagiannis et al., 2000; Klonaris & Hallam, 2003; Nzuma & Sarker, 2010; Wan et al., 2010) .
This paper has used the R-package "Erer" from Sun (2012) and Sun (2014) which was used in the paper by Wan et al (2010) . The package also calculates a static AIDS model which closely resembles Deaton and Muellbauer (1980a) . Wan et al (2010) acknowledge that the static model represents the "long run" elasticities. A further advantage of using package "Erer"
is the provision of various diagnostic tests such as the Breusch-Godfrey test (Edgerton et al., 1996) . 
Where ∆ = first difference, Ψ = consumer habit coefficient, ℎ = the budget share of meat product i at household per capita level (h) with the inclusion of time (t) and j = other meat products. The Marshallian elasticities are used for calculating the carbon consumption tax as they include the full effects of prices (i.e., substitution and income effects) (Deaton & Muellbauer, 1980b) . A possible weakness of the results is the fact that the elasticities are conditional, i.e., they assume an allocated budget for meat whereby consumers often make multistage decisions on how to allocate their expenditure to the different food groups.
Therefore a change in expenditure on the meat group could also affect expenditure allocated to other food groups (Edgerton, 1997) . The Hicksian price elasticities allow for an understanding of the different substitution relationships between the different meat products being investigated.
The dynamic error correction version of the AIDS model must still meet the four restrictions of demand theory in equation 4 originally imposed on the static AIDS model in order to produce plausible results 4 (Deaton & Muellbauer, 1980b) :
In order to understand how a change in price affects the household carbon footprint, the nutrient elasticity method used by Huang (1996) has been adapted for the inclusion of carbon footprints. The most recent application of the nutrient elasticity using meat data on Scottish households is by Tiffin et al (2011) . The original method proposed that the nutrient matrix (N)
is calculated through multiplying the food share of each nutrient (S) by the demand price elasticities (D) as shown in Equation 5 (Huang, 1996) . 
Results and Discussion
The results from the Phillips-Perron unit root test 6 suggest that all the share and price series do not contain unit roots in the first difference form (except for in level form where the Augmented Dickey Fuller test suggested that most series did contain unit roots). The cointegration (Phillips-Ouliaris cointegration results) results suggest that the expenditure shares are cointegrated with their respective independent variables (prices and expenditure). Therefore the error correction version of the dynamic almost ideal demand system can be run using this study's data. The likely effect of the meat taxes effect on demand for meat products for the lower income households (Table 5) demonstrates that Beef taxes in particular will likely reduce demand for beef by 10.35% and turkey by 23.82%. Thus the potential benefit of reducing demand for high carbon beef may be counteractive as the demand for Turkey reduces by a greater proportion. With regards to sheep, lower income households are more price sensitive relative to wealthier households and a 15.42% reduction in demand for sheep may be possible through the consumer tax. The change in demand for lower income households with regards to chicken and turkey products is relatively small. This implies that the taxes may not affect demand for these lower carbon and relatively healthier white meats 7 . If the tax is applied to chicken products then demand for turkey is likely to increase by 6.73% which demonstrates these households substituting into a similar white meat. 7 White meats are considered to be healthier for humans relative to red meats (McMichael et al., 2007) Table 6 demonstrates that the likely effect of a beef tax could be effective in reducing demand for the lowest income households. However as these households are on very low incomes due to their non participation (in addition to casually employed workers) in the labour market, this is the group where taxes are of particular concern. A tax on beef products alone may result in demand for lower carbon and healthier chicken experiencing the largest drop in demand by 4.07% and yet a larger decrease of 7.33% for beef products. This may concern policy makers that the poorest in society may see a large reduction in their meat intake which could affect nutrient intake and yet this subsequently can help reduce household carbon footprints. Table 6 . Effect of taxes on Marshallian price elasticities of demand (Social grade E) Table 7 has multiplied the carbon footprint elasticities from Table A5 (shows the effect of a 1% price increase) by the tax rates of Table 3 which results in an approximate calculation of how effective carbon consumption taxes could be for reducing the household carbon footprint. Overall Table 7 demonstrates that lower income households (C2 & D) would see their carbon footprint reduce by 131,393.72 t/CO 2 e/y if all meat taxes were applied to their respective products. This is a likely result of the households being more price sensitive relative to the other groups.
The overall total (for all households) reduction of 246,327.26 t/CO 2 e/y as a result of all the taxes being applied to the meat products would correspond approximately to a 10.5% reduction in meat emissions from the Scottish meat chain (cradle to distribution centre). Table 7 . Implied reduction of household carbon footprint through carbon consumption taxes
Applying the carbon consumption taxes to the Marshallian elasticities gave an approximate figure of how demand could be reduced. It is important to emphasise the word approximate since the elasticity results obtained from the AIDS model are conditional and not unconditional which would give a better indication of the likely income effect. The overall elasticity results suggest that if all taxes were simultaneously applied to their respective meat product then this would give the maximum impact on reducing households' carbon footprint which is similar to the result of Sall & Gren (2012) . There is the potential problem highlighted by Tiffin et al (2014) and potentially applicable to meat products whereby retailers' discount their meat products or sell at below cost prices (due to promotions) which could distort the effectiveness of the carbon consumption taxes on household behaviour.
The carbon footprint reduction through meat consumption taxes would represent a 0.46% reduction in the Scottish government's 2011 emission targets. The 2011 emission targets were 53,404 Kt t/CO 2 e (Scottish Government, 2012a) . This may appear to be a largely
insignificant reduction yet the carbon footprint data was only cradle to distribution centre and therefore does not take into account every stage of the life cycle of a meat product hence the footprint reduction through taxation is likely underestimated.
Conclusions
This paper offers an insight into how carbon consumption taxes could reduce the Scottish household carbon footprint through the resulting reduced demand for particularly red meat The importance of including other food groups must be highlighted in order to understand the overall effectiveness of food based carbon consumption taxes on reducing Scottish household carbon footprints. This is a limitation of the study and could be the basis of future work in this area. However this paper has provided evidence to suggest that such a tax could result in an overall 246,327.26 t/CO 2 e/y reduction through less consumption of meat products. This translates into 10.5% of meat emissions being reduced from the Scottish meat chain. It is important to note that more work needs to be completed understanding the potential synergies between a carbon consumption tax and nutrient intake. Tables: "Socioeconomic effects of reducing household carbon footprints using meat consumption taxes" 
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